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PURPOSE: To obtain a liquid crystal display device having excellent 
uniform display characteristics with small change in the transmission of 
the panel even when an area having different liquid crystal layer width is 
present in the panel. 

CONSTITUTION: The material, film thickness, and dielectric const, of 
each layer or the size and shape of elements which constitute the liquid 
crystal pixel are changed. For example, by decreasing the size of a pixel 
electrode formed on an auxiliary capacitor wire 13, the ratio of the 
auxiliary Cs to the whole capacitance Ct which constitutes the unit pixel 
is selected to satisfy 0<Cs/Ct<0.2. Thereby, changes in the 
transmittance of the panel can be decreased to about <2%. 
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Partial English Translation of 
LAID OPEN unexamined 
JAPANESE PATENT APPLICATION 
Publication No. 07-325287 

[0002] to [0018] 
[0002] 

[Prior Art] The active matrix technology, in which a switching element is 
provided for each unit of display, has been well known as a driving 
method of a liquid crystal display device displaying characters and images, 
using liquid crystal. Figure 4 shows the structure of pixels in the 
conventional active matrix liquid crystal display device. Figure 4(a) 
shows the plan view thereof, Figure 4(b) shows the sectional view thereof 
taken along the line A-A in Figure 4(a), and Figure 4(c) shows the 
sectional view thereof taken along the line B-B in Figure 4(a). 
[0003] A scanning signal wiring 12 and an auxiliary capacitor wiring 13 
are formed on an insulating substrate 11, and a switching element 15 
formed mainly of a semiconductor, an image signal wiring 16, and a pixel 
electrode 17 are formed over the wirings 12 and 13 with an insulating film 

14 interposed therebetween. Further, a counter electrode 19 is formed 
thereover with a liquid crystal layer 1 8 interposed therebetween. Figure 
5 shows the electrically equivalent circuit for each pixel of the liquid 
crystal display device. In the Figure 5, Cgd denotes the parasitic 
capacitor generated between the drain terminal of the switching element 

15 and the scanning signal wiring 12. CI denotes the pixel capacitor 
between the pixel electrode 17 and the counter electrode 19. Cs denotes 
the auxiliary capacitor between the pixel electrode 17 and the auxiliary 
capacitor wiring 13. T denotes the switching element 15. 

[0004] In this pixel, a scanning signal Vg, a capacitor signal Va, an image 
signal Vs, and a counter signal Vc are applied to the scanning signal 
wiring 12, the auxiliary capacitor wiring 13, and the pixel signal wiring 16, 
and the counter electrode 19, respectively. Further, the liquid crystal 
pixel voltage to be applied to the liquid crystal layer 1 8 between the pixel 
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electrode 17 and the counter electrode 19 is defined as Vic. Figure 6 
shows the change with time in the waveform of a signal in one (hereinafter 
referred to as "capacitive coupling driving method", which is disclosed in, 
for example, JP 02- 1578 15 A) of driving methods of the liquid crystal 
display device. As the scanning signal Vg, a potential Von at which the 
switching element is set ON, a potential Voff at which the switching 
element is set OFF, and compensation potentials Vga and Vgb are used. 
The compensation potentials Vga and Vgb are alternately applied to each 
auxiliary capacitor wiring. For gradation display, a signal potential, and 
the liquid crystal pixel voltage Vic to be applied to pixels are calculated 
by Equations (1), (2), and (3) with the use of the above potentials. 
[0005] 
[Equation 1] 

Vs = Vc 

[0006] 
[Equation 2] 

Vlc={Cs X (Voff- Vgb) -Cgd X (Von- Voff)} /(Cs + Cl + 

Cgd) 
[0007] 
[Equation 3] 

Vlc = -{Cs X (Vga - Voff) + Cgd X (Von - Voff)} / (Cs + CI 

+ Cgd) 

[0008] The ratio of a screen capacitance Ct and the auxiliary capacitance 
Cs, which are denominators in the above Equations (2) and (3), is defined 
as an auxiliary capacitor ratio A, which is expressed by Equation (4). 
[0009] 
[Equation 4] 

A= Cs / (Cs + CI + Cgd) = Cs / Ct 
[0010] Wherein, Cs, CI, and Cgd denote the auxiliary capacitance, the 
pixel capacitance, and the parasitic capacitance generated between the 
drain terminal of the switching element and the scanning signal wiring, 
respectively. In the conventional liquid crystal display devices, the 
auxiliary capacitance ratio A is set between 0.6 and 0.65. 
[0011] [Problems that the Invention is to solve] The panel transmittance of 
the liquid crystal display device is expressed by Equation (5). 
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[0012] 
[Equation 5] 

Tpanel = Tmat X Tvol 
[0013] Herein, Tpanel, Tmat, and Tvol denote the panel transmittance of 
the liquid crystal display device, the transmittance of a panel material for 
forming the liquid crystal display device, a pixel transmittance determined 
by conditions for driving, respectively. The pixel transmittance Tvol is 
determined by the voltage Vic to be applied to the liquid crystal layer and 
a width Die of the liquid crystal layer. When the width Die of the liquid 
crystal layer is 5.0 ii m, the pixel transmittance Tvol is more 
approximated to the value calculated by Equation 6. 
[0014] 
[Equation 6] 

Tvol (%)= 100 (0V ^ Vic ^ IV) 

= (4 -Vic) X 100/3 (IV ^ Vic ^ 4V) 
= 0 (4V ^ Vic) 

[0015] Figure 7 shows the relationship between the liquid crystal pixel 
voltage Vic and the pixel transmittance Tvol, which are approximated by 
the Equation 6. Further, when the width Die of the liquid crystal layer is 
changed, the pixel transmittance Tvol in gradation display is calculated by 
Equation 7 since the pixel transmittance is determined by the electric field 
to be applied to the crystal layer. 
[0016] 
[Equation 7] 

Tvol(%) = (4-Vlc X 5.0 /Die) X 100/3 
[0017] When the liquid crystal display device of this type performs 
monochromatic display, the same signal voltage is applied to all terminals 
for each scanning signal wiring and each pixel signal wiring. However, 
if there exists a portion having a different width Die of the liquid crystal 
layer from that of the other portions in one panel, the values of Tvol and 
panel in the Equation 5 of the portion are different from that of the other 
portions. When the panel transmission Tpanel is changed by at least 2%, 
the change is recognizable as irregularity to human eyes. Therefore, 
there is need for realizing the liquid crystal display device in which change 
in the width Die of a liquid crystal layer causes no change in the panel 
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transmittance Tpanel. 

[0018] The object of the present invention is to provide the active matrix 
liquid crystal display device using the aforementioned capacitive coupling 
driving method, in which change in the panel transmittance is small and 
uniform display performance is excellent even if there exists a portion 
having a different width of a liquid crystal layer from that of the other 
portions in a panel. 
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